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Immunoblot analysis with affinity purified rabbit α-PCNA antibody of TCA-protein extracts from wild-type, pcn1 K164R (unable to ubiquitylate PCNA) (a), Δrhp18 (unable to ubiquitylate PCNA) (b, left panel) and Δrad8 (unable to di-ubiquitylate or poly-ubiquitylate PCNA) (b, right panel) cells growing exponentially (Asyn), treated 3 hours with MMS (0.01% or 0.033%, as indicated) or treated 3 hours with HU and resolved in 12% polyacrylamide gels. Immunodetection of ubiquitylated forms of PCNA in wild-type and Δubp2 TCA-cell extracts to
show that ubp2 mutant cells accumulate K164 mono-ub, di-ub and poly-ubPCNA forms. a. Mono-(Ub 1 ) and di-ubiquitylated (Ub 2 ) PCNA was obtained by immunoprecipitation with anti-FLAG antibody from a ubp12-NES ubp15-NES Δubp16 pcn1-FLAG strain, cells were presynchronized in early S-phase (3 hours in 20 mM HU). Immunoprecipitated samples were divided in three, and two of the aliquots were incubated with immunoprecipitated Ubp16-myc in the absence or in the presence of UbVS to inhibit any UBP activity (as described in the Methods section). The third aliquot served as a reference sample of the immunoprecipitated PCNA. PCNA deubiquitylation was detected by the distinctive SDS-PAGE gel mobility of the different PCNA forms. Whole cell extracts (WCE), depleted supernatants (SUP+) and non-depleted supernatants (SUP-) from PCNA-FLAG and Ubp16-myc strains are also shown. Model for the role of Ubp2, Ubp12, Ubp15, and Ubp16 in the modulation of PCNA ubiquitylation in S. pombe cells. PCNA homotrimers progress with the replisome at replication forks. The detection of bulky lesions on DNA impedes fork progression and induces the Rhp6/Rhp18 mono-ubiquitylation of PCNA at lysine 164; therefore, it favours lesion bypass by enhancing ubPCNA-TLS DNA polymerase interaction or further ubPCNA (K63-linked) polyubiquitylation (by the Ubc13/Mms2/Rad8 ubiquitin ligase complex). After lesion bypass, Ubp15 and Ubp16 (likely with the help of Ubp12) deubiquitylate di-and mono-ubPCNA to allow the remodelling of the replisome by switching back to replicative DNA polymerases, thus resuming rapid and processive DNA replication fork progression. In some circumstances (i.e., oxidative DNA damage), di-ubiquitylated PCNA is further polyubiquitylated (likely by the same Ubc13/Mms2/Rad8 ubiquitin ligase). Ubp2 deubiquitylates these (long K63-linked) polyubiquitylated PCNA forms in a manner that results in a net gain of di-ubiquitylated PCNA. The unwanted step (the accumulation of ub 1 -PCNA as an intermediate form in PCNA deubiquitylation) is bypassed by the ability of Ubp15 and Ubp16 proteases to deubiquitylate both mono-and di-ubiquitylated PCNA, thus acting as efficient substrate-specific DUBs for the sliding clamp.
